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Abstract 
The reduction of risks bound to a possible disaster, to which a specific territorial unit could be involved, is a component 
strictly connected to the concept of sustainable development on its fundamental environmental, economic, political and social 
facets. Moreover, the evaluation of such reduction, depends not only accumulated resilience, but in particular on realized 
campaigns for a larger  involvement of the people in the matter and on politics addressed to absorb eventual criticalities, 
concerning both at infrastructural and human components. All this implies that the capacity to absorb a risk is conceived as a 
hyper-complex system, whose management can be realized by mathematical models that can include a set of criteria, most of 
times conflicting each other and on which stakeholders are waiting for patchy expectations. Such models, properly of Group 
Decision Support Systems, able to conciliate qualitative and quantitative points of view by a participated process, can introduce 
in resilience a concept of measuring such as to point out “if and how much my city is ready”. A case study, related to the 
communalities near the Italian Ombrone river, is proposed and solved using i problematic, that means giving a ranking from the 
most virtuous communality to the less one.  
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The net of connections created by the concept of resilience is the one specific feature of the hyper-complex 
systems; in fact in its structure are inserted vary factors; from the social ones, as the sensibility level created by the 
local communities end stakeholders, to the political ones, as the involvment of the territorial administrative 
organizations; from the economic ones, as the costs of all the interventions on the infrastructures, to the specific 
environmental ones, inclusive of the biological, ecological, demographic and landscape elements of the considered 
area. 
Taking in consideration all the potential multi factorial phenomena which are threatening the complex dynamic 
equilibrium of the studied eco system, the present paper proposes specific aims. It is possible to evaluate the 
resilience of some territorial units, up to quantify it by some technical and scientific indicators? Is it possible to say 
that a territory is more resilient of the another one and to give the suitable explanations? An appropriate answer 
would allow to deeply manage own habitat in interest and would realize the aim to point out the critical factors of 
resilience. In this way it would support focused investments in order to assure bigger safety on the examine 
territorial assets. 
Obviously this managerial approach on its multidisciplinary scheme would represent a new horizon in the 
territorial control and in the other sectors of environmental context, given from the capacity to integrate classical 
tools of analysis. All that, in order to reach, either a more sensitivity of involved communities or a more awareness 
of the real problems and to make an accurate evaluation and finalizing further interventions. Unfortunately the 
increasing importance of resilience and the attention that modern society is pouring on it, are not joined with a 
scientific mathematical which could absorb the various facets. In the field of environment the literature is rather 
inadequate and tempts to create new decisional models able to integrate different factors are almost missing. 
In the present paper the objective is to find mathematical models where to insert different environmental, 
economic, political, social factors split in sub-criteria, differently evaluated according to specific territorial 
expectations, with the aim to correct on that ones which can reduce or correct some vulnerabilities. As application 
we will exam a specific region with very high criticality, like the flooding and we will check if this approach of 
participated multi-criteria management could give us those expected results just mentioned.  
 
2.  The hyper-complex concept of resilience  
 
The item resilience can have various meanings. We spoke of resilience in engineering, as the capacity of some 
material to withstand to impulsive forces, in informatics as the capacity of a system to adapt itself to the flexibility 
of the users; in psychology, as capacity to react and to face the adversities of the life; in medicine, recently, as the 
patients’ reaction to some treatment of therapy and in law, as community’s capacity to react and to integrate the new 
rules and proceedings of local authorities. In ecology is defined as the capacity of an ecosystem to come back to the 
equilibrium point preceding the disruption either of anthropic reason (pollution) or natural reason (climatic, 
earthquake, landslide, etc.). 
Each definition evidences items as flexibility, adaptation, reaction, fronting which refer to universal definition of 
resilience and then to the vulnerability. The hyper-complex concept of resilience derives from the interactions 
among several factors which differently influence the various spheres of social life. An good level of social 
resilience is also the result on an education activity addressed to the prevention and minimization of the disaster’s 
effects: “Resilience is something which we can grow in ourselves in our family, in our communities” [5]. The 
parameter of resilience can be expressed in numerical way from very simple data, intended as indicators of real state 
of social resilience: demographic density, type of work activities and above all methodologies can give the anthropic 
impact on the environment. 
The political resilience is similar the social one. The only difference is that now is not referring to the citizens 
but the governmental structures. That means to the capacity of the administrators to face the risk of catastrophe; the 
level of interest shows from the local administrators to environmental problems and the time and efforts devoted to 
them; the resources that the authorities address to the research and development of methods, useful before, during 
and after an extreme natural event; which kind of politics applied in order to rule the environment; the 
implementation of urban planning and management politics fostering the improvement of decaying structures. The 
lack of an effective legislation and its fulfillment are the main reason of deficiency in political resilience; 
When we speak about economic resilience is unavoidable to think to the concept of cost. It can be conceived as 
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the set of two factors: the effective investment of resources and the speed on the recovery, reconstruction and 
restoration of the capital stock existing before the disruption. Obviously the lack of investments prevents some 
planning. In fact, even if the most of the infrastructures of developed countries are used from residents, the 
governments don’t invest enough in resources. Consequently, in case of catastrophe, the impacts can be amplified. 
The economic resilience conceives the territory as a good, as a benefit, tries to give it a specific value and measures 
the cost of the necessary economic efforts to its safeguard.  
The governments, with the cooperation of the International organizations, are the main generator of economic 
resilience; in fact they can establish plans of management and financing for the vulnerable communities to high risks 
of environmental catastrophes. 
On environmental resilience we include natural and environmental actions causing alterations on the evolution of 
the considered morphogenetic system; we consider above all the threats and the events which could cause 
catastrophes, firstly the ones connected to hydro-geological risk, and the possible endeavors in order to contrast 
them; we consider the impact of the man on the environment, what he is inserting and extract and how he is 
transforming it: utilized energy sources, gas emission, urbanization, waste produced are some of the parameters able 
for an esteem of environmental resilience. Moreover, the impact of industrial activities by the number of them which 
are observing or not some criteria in environmental safety. Such kind of resilience can be improved by the 
infrastructures which are improving the drainage and quality of surface waters. 
The resilience of one town is therefore the result of combination of the four factors which constitute its hyper-
complex concept. The intersection of the four spheres let us to introduce an innovative study of the territory and its 
resilience; by it we can check what is the most defective sector and the one which does need major efforts, in any 
time taking in consideration previous events in order to considerably decrease the impact of the future ones. 
  
Fig.1. The hyper-complex concept of resilience. 
  
In United State several new publications are addressed towards these models as: Hurricane reconstruction in the 
United States Gulf Coast. Disparate coping strategies for gendered effects of drought. In Malaysia for the 
reconstruction after earthquakes: The sense of place in the new homes of post-Bam earthquake reconstruction. In 
England: Strategies for the effective engagement of multi-national construction enterprises in post-disaster building 
infrastructure projects. Just in consideration of the events of floods registered in Tuscany in the recent years, we 
consider the river Ombrone’s basin with the aim to evaluate the resilience on all its components. 
 
3. Case study  
 
The considered area is the one in the hydrographic basin of the Ombrone river in Toscany region and in 
particular 22 communalities located in Siena’s province. 
The source of Ombrone river is near the village San Gusmè, located in the communality of Castel Nuovo 
Berardenga. Its basin is between the province of Siena and Grosseto and after 161 km is going on the Tyirrhenian 
See. The hydrographic net is made with a main water channel and from its affluent. The elements which make the 
surface water flowing are: the drainage area, expressed in squared kilometers; the drainage density, as the ratio 
between the length of the all fluvial segments in the basin and the drainage area; the average number of fluvial 
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segments located in the area; the average altitude, as weighted average heights of the partial surfaces in the basin; 
the climbing, as the parameter useful for the estimation of the speed of the water flow, the average and the highest 
ones. An important element is the structure of the basin, given by the ratio between the basin’s length and the 
medium diameter of the area where located. All this elements must be bounded to volume of the rainfall in a specific 
interval of time. Moreover, we have to consider the time of concentration, as the interval of time between the 
beginning of the rainfall and the time on which we register the maximum flow rate of the river. And the corrivation 
time, as the time needed for the rainfall water to reach, from the farthest points of the basin, the considered section. 
We van reassume that the surface flow of the hydrographic basin essentially depends from five different factors: 
• Climate factors, as the rainfall regime, the average temperatures during specific and adequate temporal 
scales.  
• Geographic factors, as the ones mainly conditioning the level of water flow, given that exercise an 
high influence on the climate factors and on the tendency of the average seasonal temperatures.  
• Topographic factors, as the climbing and exposure of the sides, contradistinguishing the main variables 
of the surface water flow.   
• Geological factors, as the total surface flow of the rainfall water and the ones closest to the 
permeability of the ground.   
• Bio-geographic factors, as the factors highly influenced from the man: i.e vegetal covering and human 
infrastructures.  
The quoted elements are the major causes of possible disturbance to the equilibrium of the ecosystem, mainly 
floods and landslips. The flooding of the years 2012 e 2013 caused huge damages to the local communities, mainly 
inflicted to the agriculture and to the infrastructures. Just to give an idea: the monthly rainfall on October 2013, in 
Tuscany, have been the double respect the average historical value. In January 2014 the surplus has been of about 
300%, more than 250 mm of rain respect to the average value of 60 mm (Font of data from Hydrologic Report of 
Toscana region).  The critical fact is that the most of surplus fell in few events spaced out in few hours. Moreover, 
the five factors have also influenced recurring phenomena as landslips and have increased the risks for the local 
communities. The most of the registered landslips, as clayish land, have been the rotational sliding and “colamento” 
types.  The description of the hydrographic basin of Ombrone river is reassumed in the following elements:  
• Area of the Ombrone’s basin: 3494  Km2 
• Length of the Ombrone river: 161 Km 
• Basin form parameter: 2,4 
• Altitude of the river source: 420 mt o.s.l. 
• Latitude and longitude of the source:  43.3879556 - 11.4974443 
• Latitude and longitude of the source:  42.6589704 - 11.0133495 
We cannot ignore the disruptions exclusively caused from human activities, as waste production, air and water 
pollution, exploitation of environmental and natural resources with high impact on the territory. Among the main 
threats to the resilience we can include high demographic density, high urbanized surface expansion, solid and liquid 
waste concentration and urban infrastructures located in highly risky sites.  
The listed characteristics must be inserted in a mathematical model, by the use of some indicators, grouped in 
two sets, environmental and socio-economic ones, as a faithful mirror of the territorial situation. Unfortunately, in 
the application of the model, we are bound to entrust to real criteria, that means to the available ones, and not on the 
potential ones, that means to the ideal ones to ideally insert. 
Among the environmental indicators we have: 
• CO2 emission as index of level of the contamination and alteration of the atmosphere; it is very high as in 
communalities of S.Quirico d’Orcia, Asciano, Siena e Radicondoli where industrial firms are located.  
• Rate of urbanized area; the more the percentage is high the less is the quantity of rainfall infiltrated water and 
then becoming risky surface water. 
• Yearly domestic consume of electric power as indicator specifying the quality of alternative energetic sources.    
• Rate of differentiated waste as indicator of the interest of the citizens over environmental safeguard. 
• Drinkable water uses; the aquifer layers are one of the most important natural system for store and regulation of 
water resources and it is extremely necessary their safeguard and to condemn all the threats to these systems as 
the increasing, disordered and uncontrolled picking up. 
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• Rate of certificated firms in ISO (International Organization for Standardization) and EMAS (Eco-Management 
and Audit Scheme (EMAS). Continuous stimulus must be addressed to a better improvement of the 
environmental performance of the firms and to a decreasing impact of the followed processes. In the considered 
area this rate has dramatic level. 
Among the socio-economic indicators we include: 
• Demographic density, as indicator of the anthropic impact on the environment.  
• Rate of the enrolled people on job-seeker’s list respect to the active population. The parameter gives an idea of 
the ratio between work activity and environment. 
• Rate of the enrolled women in the job seeker’s list respect to the total population, as indicator of the progress in 
the social life. 
• Rate of work accidents, as parameter living the idea over the conditions on which the workers make their 
activities and over the associated safety and risk. 
• Index of territorial desirability, as ratio between the touristic flows and resident population and expression of 
the interest for the safeguard of the considered area.  
• Index of demographic dependency, as ratio between the population on 0-14 age and over 65 age, respect the 
active one (15-64). A young population has a reaction and recovery times shorter than an older population. 
• Active firms respect to resident population, as index of the entity of alteration created consequently to the 
consume of resources and release of the waste. 
• Spendable income as index of wellbeing level and of the economic efforts which the citizens could face in case 
of disaster. More in general as index of the economic resources, which could be diverted to the reinstatement of 
the territorial conditions, as well as it was before the calamity. 
Then to each criterion a weight will be assigned according to his importance and relevance on the objective of 
the case study. The assignment will be made by a participated process with all the stakeholders: that means local 
authorities, analysts and decision makers.    
 
4. Decision aiding and mathematical model 
 
Take a decision means the choice of one or more action among a set of possible options taken in considerations 
(actions) from one or more persons (decision maker); it means the choice of the best or the most convenient 
selection among the possible strategies able for reaching a specific objective. Sometime for the selected actions it is 
required to provide a rank from the best to the worst one. Anyway, each decision maker will try to reach the closest 
solution to the considered ideal one.  
For the solution of such kind of processes the decision theory proposes a lot of decision support systems on 
which two main figures: the decision aider, as the person which defines the procedures, applies the models, 
implements and points out the results, making them easily comprehensible; and the responsible of the decision, the 
decision maker as the person (persons) which must propose he solution of the problem according to its interest, 
responsibilities and commitments. The model by a schematic representation of the reality gives evaluations of which 
the decision makers, at the moment of the choice, can avail oneself or not. Anyway its intuition, ability and 
experience remain fundamental qualities for an reliable final choice. 
In the real situation we have to face and solve problems with a set of diversified parameters and point of views. 
Multi-criteria analysis let us to consider the several expectations from the solutions of the proposed problem. First of 
all we have to define key concepts as action, criterion and the required problematic. The set A of actions is the 
collection of objects of our decision within we want to search the best possible option. The concept of criterion has 
an important role too. A criterion is a tool which let us to compare the actions on the base of a specific point of view. 
In the mathematical meaning is a real function, representing the preference of the decision maker, defined on the set 
A and allow us the comparison among various actions. A set G of criteria is functional if it satisfies features as 
readability, operational and consistency: that means it has to gather all the acquired information and to reflect the 
preferences among all the actions. The evaluations are reassumed on the data which allow all the comparisons 
according to each criterion. From the mathematical point of view the evaluation is a real function gj(a) representing 
the preference of the action a under the j-th criterion and let the comparison of two actions (a,b), made only under 
the base of two real numbers: gj(a) and gj(b). 
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The choice of a specific model relies to its application on the reference problematic. The problematic can be 
reassumed in three types: problematic α (choice): consists in the selection one or more actions which seem the best 
ones; problematic β (sorting): essentially involve a division of the set A in three or more categories; problematic γ 
(ranking), means to construct for the set A of actions an ordered ranking of subsets of A (in equivalent classes) from 
the best subsets to the worst one. The choice of the suitable problematic s conditioned from the preliminary study, 
from the quality and quantity of data, from the role and competence of the decision maker and mainly from the 
object of the evaluation. 
For the solution of multi-criterial problems, various school of thinking have been developed, either for the 
applied algorithm or for the specific evaluation. In the field of Multiple Criteria Decision Maker (MCDM) we have 
two different procedures for the human choice. The “French school” based on the concept of outranking and the 
“American school” based on the concept of pairwise comparisons or Utility Theory. Unfortunately the construction 
of an utility function is hardly complex.  
The pairwise comparisons is the main feature of the AHP model. The decision maker must express a judgment 
between each couple of criteria and, under each criterion, between each couple of actions, using a preference scale 
from 1 to 9: the value 1 is related to the indifference between two items and 9 the absolute preference of one item 
over the other one. The AHP is advisable in the case we have many actions or criteria, due the big number of 
necessary pairwise comparisons. Such considerations opened the door to different approaches based on the 
outranking relation. 
“An out ranking relation is a binary relation S on A, such as aSb, given the knowledge on decision makers’ 
preferences, given the quality of the evaluations and the type of problem, it there are sufficient arguments for saying 
that a is at most good as b (not worst), without any important reasons to refuse such declaration.”   
To each criterion or actions is associated an outranking relation when there are sufficiently strong reasons for the 
validity of such declaration. Among the models based on such framework we have Promethèe model (Preference 
Ranking Organization Method for Enrichment Evaluations), on which we built an evaluated relation and we use 
decisional schemes easily comprehensible and quantifiable for the decision maker. Then we have ELECTRE model 
(ELimination Et Choix TRaduisant la REalitè) which is a milestone in the field of multi-criteria analysis and which 
from the original one have been translated five versions, adapted for solving specific problematic. Just in 
consideration that the specific problematic to be solved is the ranking of the actions (problematic γ), the more 
appropriated model has been Electre III. 
The Electre III model is very flexible one and takes in strong consideration the preference and indifference 
thresholds whose introduction is due to the fact that a minimum difference between two actions doesn’t justify the 
preference of each other. Moreover, a strong difference each other over at least one criterion compromises possible 
dominances according to the remaining criteria. In this model we can discern four fundamental relations: P (strong 
preference), Q (weak preference), I (indifference) and R (incomparability). The procedure followed by its algorithm 
occurs in three steps: construction of an out ranking relation states for each couple of actions (a,b) how much a is 
not worst than b, through a concordance index, a discordance index and a credibility index. Considering the 
thresholds and the weights assigned to the each criterion, the model returns a ranking of the actions according to a 
degree of preference, exploiting for each subset of actions A’ of A, those which are outranked from A’ and those 
which outrank A’.  
One time obtained the results the analysis is going on; the final rank is a new starting point to check which kind 
of criteria played a specific role for the acquired position of each action; each communality can improve its 
performance just making some intervention on the factors which have been responsible of some criticality.  
The Electre III as in our case give us the chance to work with a great number of data, without requiring to the 
analyst big and unbearable efforts on the pairwise comparison; in our case the AHP model would have required 
more than two hundred comparisons just for each criterion; we can imagine for the number of fourteen criteria in 
consideration. 
 
5. The implementation of Electre III model 
 
As soon as we chose the problematic to be solved and we gathered all the required parameters from the Electre 
III model, we proceed to introduce in a matrix all the evaluations of the actions according to the selected criteria. 
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Table 1. List of actions. 
Code   Communality 
RADI  RADICOFANI 
SART  SARTEANO 
PIENZ PIENZA 
SANQ  SAN QUIRICO D'ORCIA 
CASTI CASTIGLION D'ORCIA 
MONTA MANTALCINO 
MURLO MURLO 
BUONC BUONCONVENTO 
SANGI SAN GIOVANNI D'ASSO 
TREQU TREQUANDA 
ASCIA ASCIANO 
MONTE MONTERONI D'ARBIA 
RAPOL RAPOLANO TERME 
CASTE CASTELNUOVO BERARDENGA 
GAIOLE GAIOLE IN CHIANTI 
RADDA RADDA IN CHIANTI 
MONGG MONTERIGGIONI 
SIENA SIENA 
SOVIC SOVICILLE 
RADIC RADICONDOLI 
CHIUS CHIUSDINO 
MONTI MONTICIANO 
 
The list of the actions, in our case the chosen communalities, are quoted in Tab. 1, with the corresponding 
acronym to be inserted in the model. Among the 22 considered communalities, 14 are on the orographic right of the 
river Ombrone and the remaining 8 on the left one, all of them spread over the total surface of about 2700 Km2, and 
with a number of inhabitants of 138.860. The demographic density in medium-long run period has registered 
remarkable oscillations due to high variation on the population density. The development of industrial activities has 
caused a constant increasing of greenhouse gases, of the urbanized surfaces and domestic consumes of power 
energy. The chosen model has a level of flexibility for which such variations can be recognized.   
Before to select the suitable criteria for the application of the model, it is important to point out from which point 
of view has been faced the decisional process. The decision maker has been considered as an imaginary 
management authority aiming to evaluate the resilience of the territory on his competence. 
 The 14 criteria are the most significant and representative ones among those which better approximate the 
complexity of the peculiar resilience of the considered area. They has been chosen according to its availability and 
not on its strong need; the poor diffusion of decisional tools, the insufficient involvement and divulgation of 
environmental problematic in the public opinion played a negative role. 
 
Table 2. Criteria, weights and thresholds. 
Code        Criterion      weight %     Preference       Indifference threshold q     Preference threshold p        Measure 
CO2   CO2 emissions         0,12         decreasing  1000   3000  t/h 
SUPA        % urbanized area         0,04         decreasing             0,1              1,5   % 
ELET      consume electricity       0,06         decreasing                 100                                 2000  MWh 
RACC     % differ.ted waste         0,13         increasing                  0,5                                  2   % 
H2O   Drinkable wat. uses       0,08         decreasing  2   10  l/g 
AZZC   Rate certif. firms           0,09         increasing                 0,001            0,01  % 
DEN          Demographic density    0,11        decreasing                 1   10                    inhab/Km 
COLL        Men  job-seeker’s list   0,03         decreasing                 0,005                                 0,3  % 
DONN      Women seeker’s list      0,03         decreasing  50   500  n 
INFO        Rate work accidents      0,04         decreasing                 0,001   0,01  % 
APPE       Index terr. Desirability   0,06         increasing  0,4   3  % 
DIPD  Index dem. Dep.ncy      0,08         decreasing  0,01   0,1  % 
IMPR  Active firms/activepop. 0,06        decreasing  0,001   0,02  % 
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REDD      Spendable income          0,07        increasing  250   2000  € 
 
The weight to each criterion, as well as the indifference q and preference p thresholds, has been assigned directly 
from the analyst taking in consideration only the expectations of the stakeholders and not the use of the scientific 
tools of decision support systems for the selection of the those parameters. In table 2 the criteria are going from 
those merely environmental, as carbon dioxide emissions, to the purely socio-economic ones, as spendable income; 
for them are reported codes, weights in percentage, the direction of preferences, thresholds and measures. On table 3 
fonts of data are quoted and joined with the year of its publication or updating.  
 
Table 3. Fonts of data. 
        Criterion     Font     Year 
      CO2 emissions   Rapport on environment in Siena Province 2012 
% of urbanized area  Elaboration of data by GIS   2014 
Yearly consume electricity  Energy plan in Siena Province  2012 
% of differentiated waste   Rapport on Environment in Siena Province 2012 
Drinkable water uses  Rapport on Environment in Siena Province 2011 
Rate of certificated firms  ACCREDIA and ISPRA Institutes  2014/2013 
Demographic density  Rapport on Environment in Siena Province 2012 
Enrolled on job-seeker’s list   Rapport on market labor in Siena Province 2013 
Women on job seeker’s list   Rapport on market labor in Siena Province 2013 
Rate of work accidents  INAIL Institute    2013 
Index of territorial desirability Turistic Office in Siena Province  2012 
Index of demographic dependency INSTAT Institute    2013 
Active firms to activepopulation INAIL Institute    2013 
Spendable income   Dossier on social politics in Siena Province 2013 
 
On table 4 and table 5, we respectively have the matrix of performances of the actions according to 
environmental criteria and to socio-economic criteria. 
 
Table 4. Matrix of performances of the actions according to the environmental criteria. 
        Actions  CO2  SUPA ELET RACC H2O AZZC     
      RADI  < 10000  0,44 1550 35,4 256,6 0,016 
SART  15000-25000 2 5579 39 169,4 0,003 
PIENZ  <10000  1 2828 41,4 212,3 0 
SANQ  50000-75000 1,8 2940 45,9 218,2 0 
CASTI  <10000  0,1 4057 18 205,4 0 
MONTA  15000-25000 0,2 16359 47,8 216,2 0 
MURLO  <10000  0,9 2768 35,4 157,9 0 
BUONC  <10000  1 3502 54,2 174,9 0 
SANGI  <10000  0,26 1466 25,8 228,2 0 
TRQU  <10000  0,1 1967 30,7 208,5 0 
ASCIA  50000-75000 0,7 7821 48 162,7 0 
MONTE  15000-25000 1 7991 52,8 149,6 0 
RAPOL  15000-25000 0,6 5418 42,1 160,7 0,003 
CASTE  15000-25000 0,1 11160 34,2 156,2 0 
GAIOL  <10000  0,3 6222 34,5 144,9 0 
RADDA  <10000  0,15 2671 33,5 162,8 0 
MONGG  15000-25000 0,05 10655 52,9 189,3 0,001 
SIENA  300000-1000000 17 67780 46,8 256,4 0,001 
SOVIC  25000-50000 0,3 10923 45,4 228,1 0,0002 
RADIC  100000-300000 0,12 1459 38,6 168,8 0 
CHIUS  <10000  0,1 9595 23,5 152,7 0 
MONTI  <10000  0,15 1972 140,9 0,012 
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Table 5. Matrix of performances of the actions according to the socio-economicl criteria. 
        Actions  DENS COLL DONN INFO APPE DIPD IMPR REDD   
      RADI  9,8 0,3 440 0,08 1,91 0,58 0,05 17443 
SART  57,5 0,31 1677 0,05 2,77 0,63 0,068 19173 
PIENZ  17,8 0,32 776 0,075 13,68 0,69 0,09 20698 
SANQ  66 0,31 1021 0,035 19,29 0,62 0,07 20202 
CASTI  17,5 0,33 871 0,086 3,8 0,7 0,058 19575 
MONTA  21,6 0,31 1932 0,089 3,99 0,63 0,063 19684 
MURLO  21,1 0,3 909 0,076 5,3 0,58 0,054 20757 
BUONC  49,3 0,31 1208 0,032 3,13 0,6 0,069 21088 
SANGI  13,8 0,34 306 0,1 8,94 0,76 0,07 18468 
TREQU  21,5 0,32 500 0,08 5,8 0,65 0,058 19526 
ASCIA  33,8 0,3 2723 0,05 5,3 0,59 0,055 21171 
MONTE  83,3 0,29 3364 0,045 1,39 0,53 0,053 22116 
RAPOL  63,9 0,31 1953 0,042 5,62 0,61 0,059 21047 
CASTE  51,6 0,28 3599 0,059 4,43 0,49 0,041 26948 
GAIOL  21,6 0,3 1041 0,07 6,39 0,58 0,065 20095 
RADDA  21,1 0,3 635 0,06 12,97 0,59 0,095 20053 
MONGG  92,6 0,29 3492 0,04 4,66 0,55 0,062 26817 
SIENA  447,2 0,31 19911 0,021 7,3 0,64 0,064 29105 
SOVIC  69,4 0,29 3771 0,033 3,11 0,54 0,048 23311 
RADIC  7,2 0,31 358 0,063 3,22 0,63 0,062 19853 
CHIUS  14,2 0,31 741 0,062 12,23 0,62 0,056 18496 
MONTI  14,3 0,32 562 0,075 4,98 0,68 0,048 18840 
 
 
6. Comment to the results 
 
 The final results obtained by the application Electre III model application is quoted in Fig. 4. From the 
matrix of performances the model uses the concordance index c, which reassumes the strength of the favorable 
arguments on the dominance of one action over each of the other ones, first according to each criterion and then 
according to the complete set of criteria. It is evident that cab is taking in consideration only the set of criteria which 
don’t oppose the fact that the action a is preferable to the action b. The good action register c values near to 1, 
whereas actions with worst evaluations have lower values. 
     Respect to the previous one, the discordance index dab quantifies also the eventual level of disagreement of 
the preference of the action a over the action b. Both indices are fused in the credibility index δ as a degree of 
reliability of the results. If according to almost one criterion the discordance index is 1, then δab=0, that means the 
credibility of the out ranking is null; if for none criterion shows a discordance index bigger of the concordance 
index, then δab=cab, that means the credibility is coincides with concordance; in all the other cases the credibility of 
the outranking is lower to the concordance δab<cab.  
         In our case, as the concordance and credibility matrices are similar, we can say that the discordance over 
the dominance is fleeting and the result shows good reliability. The obtained ranking is computed using the 
descending distillation procedure; that means the best actions are first extracted and by the way up to the worst ones. 
On the contrary, by the ascending distillation, first to be extracted are the worst actions and then the best ones. The 
comparison between the two procedures shows possible incomparability among actions.  
The ranking is obtained using weights and thresholds of the criteria inferred from the opinions gathered during 
the phase of data collection. A useful comparison could have been done using the same parameters extracted by 
participated process of the main stakeholders of the considered area. We could have seen the flexibility of the model 
and the stability of the results according to different expectations. It is clear that those communalities more 
responsive to the factors closer to the resilience are in the top of the ranking; on the contrary, the ones with some 
vulnerability are in the bottom. In fact the communalities Murlo, Buonconvento e Gaiole in Chianti, which are in the 
top, have nice performances in criteria as CO2 emissions, rate on differentiated waste and demographic density 
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(three criteria with high weights). Vice-versa, the communality of Siena has the worst performances for two ones of 
the quoted criteria. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
It is useful to check the criterion which caused a critical performance and then to provide those interventions 
which could remove some criticalities and let to acquire better position in the final rank. In order to clarify the 
performances it would be interesting to represent the solution in a Cartesian plane, where in the horizontal axes we 
put an global normalized socio-economic indicators and in the vertical axes the normalized environmental indicator. 
The plane can be divided in four areas characterized from the different sustainability. The more one action is near 
the bisectrix and parameters closer to 1, the more it shows a good combination between both indicators. The more 
on action is far from the bisectix, the more is high the disequilibrium between the two parameters and critic its 
situation. A more sophisticated representation could be the one in three dimensional space in the three axis on which 
to represent respectively economic, environmental e socio-political indicators. 
A sensitivity analysis on the results points out which variations on some parameters can produce sensible 
differences on the final rank; in such way we can exploit the levels of uncertainty, reliability or stability of the result. 
If for some light changes on the parameters (weights and thresholds) we don’t observe significant modifications on 
Fig. 2.  Ranking of the communalities from the best virtuous set to the worst one. 
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the results we can say they are strongly stable. This post optimal task is particularly useful in the case of some 
disagreement occurred among the stakeholders in the choice of the criteria and/or in their weights, and/or in the 
thresholds. Not only, some variations could happen in some external factors, for which it would be necessary to 
change some initial data; the flexibility of the model in short time let us to insert the due corrections. We could also 
enlighten the flexibility of the model to the decision makers involved on the decisional process. Moreover, such 
comparison is a key to understand how to improve some performance or to prevent some vulnerability. 
 
Conclusions 
 
Starting from the hyper-complex concept of resilience and from its linking with environmental, economic, social 
and political sustainability, and pointing out its quantification, has been considered a specific macro-area 
characterized of susceptible vulnerability. The chosen area of Ombrone river has been split in territorial units, for 
which have been gathered distinguishing indicators. Such indicators, conveniently weighted and compared each 
other, has been utilized for the mathematical model of decision support systems. Among the latter, after to have 
tasted different features and capacities to acquire all the available data, has been chosen the model considered the 
most suitable for solving the classification problem of territorial vulnerability and detailing the explanations. Then 
the qualitative and quantitative criteria, the indifference and preference thresholds has been inserted in the model 
and the problematic i has been applied; the complete set of, summed up in a evaluation matrix, has been elaborated 
from the Electre III model. 
The results have offered the incentives for interesting discussions, either on the situation and evolution of the 
vulnerability, or on the richness of multi-criterial methodologies. We have ascertained as the Multi-criteria Decision 
Analysis, able to combine the compliance and coherence between the decisional process evolution and the original 
aims, could properly be inserted on the set of mathematical models that allow a concrete evaluation of the resilience. 
The configuration of the results has highlighted those virtuosities not well clear in a rough analysis of the data and 
those criticalities not very easily remarkable. 
Such kind of framework instigates the involvement of the stakeholders in the decision. Then for the analysis of 
resilience new frontiers are rising and its treatment can have a more organic and powerful support in the 
environmental management. The application of the chosen model open new chances for an in-depth and post 
optimal analysis which could point out that criteria and parameters responsible to create specific criticalities and 
eventually to correct them.  It is evident that the proposal could be extended in a bigger territorial contest and in 
such way we could satisfy those European expectations that recently focused the interest towards problematic 
addressed to the protection, safety, and strengthen of the territory and that solve the aim to answer to the question: 
“My town is getting ready?”. 
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